Abstract. The carbides reinforcing cast superalloys are the most often chromium carbides or tantalum carbides (TaC), the second ones being preferred for very high temperature. In this work, three chromium-rich alloys based on Fe, Ni and Co, containing either TaC carbides in unusually high quantity, or unusual HfC carbides were cast and subjected to 3-points bending tests at 1200°C under constant load in order to specify and compare their creep behavior under 20 MPa. The best alloy in this field appeared to be the cobalt-based one reinforced with interdendritic eutectic HfC carbides. After comparison with a Co-25Cr-0.5C-7.5Ta alloy, known for its high strength at 1200°C, this alloy confirmed its great interest for uses at elevated temperature under flexural or tensile stress.
Introduction
Service at high temperature in corrosive milieu under mechanical stress often generally requires the use of refractory metallic alloys such as the superalloys. These ones, which are based on iron, nickel and/or cobalt for post of them, are reinforced by solid solution strengthening, fine hard particles precipitation in matrix and/or coarse particles in grain boundaries in the case of many polycrystalline alloys [1] . In many cases a part of the chromium quantity introduced in the compositions of the superalloys to allow them resisting both corrosion by molten salts or glasses and oxidation by hot gases [2] , is also involved in the formation of primary and secondary carbides. These carbides strengthening grain boundaries and matrix respectively, are no stable at very high temperature. Their decrease in volume fraction and evolution to spherical form during long time exposure to high temperature induce significant weakening. More stable than the Cr 23 C 6 and Cr 7 C 3 previous carbides, the eutectic tantalum carbides are more efficient in this field. Unfortunately they also know decrease in volume fraction at 1200°C [3] with simultaneous loss of their initial scriptlike shape. These two phenomenon are detrimental for their mechanical properties. In order to limit the weakening effect of these phenomenon it was explored here to enhance the initial strengthening of such alloys by doubling the TaC population. In another way it was also tested to change the nature of MC carbide at constant carbon content, by choosing Hf instead Ta, an element allowing better stability of the MC carbides at high temperature [4] .
This work thus deals with simplified alloys containing only the elements of interest, to avoid any interaction with other elements as it can be the case in industrial alloys. The studied alloys are all of the {M-25Cr-xC-yM'}−type, with M (base element) = Fe, Ni or Co, M (MC-carbide former) = Ta or Hf, and x=0.5 and y=15 (Ta) or 3.72 (Hf). All the contents are expressed in weight percent. To allow comparison with some industrial alloys an additional simple alloy was added to the study (Co-25Cr-0.5C-7.5Ta, in wt.%). All these alloys were elaborated by foundry, metallographically examined, then tested in creep according to the 3-points bending tests conditions.
Experimental

Synthesis of the Alloys
After weighing using a {0.1 mg-precision} balance of pure elements (Alfa Aesar, purity higher than 99.9 wt.%) 40g-weighing compact-shaped alloys were elaborated by melting and solidification under a 300mbars argon atmosphere in the water-cooled copper crucible of a high frequency induction furnace (CELES, France). The compositions of the obtained alloys were: Fe(bal.)-25Cr-1C-15Ta, Ni(bal.)-25Cr-1C-15Ta, Co(bal.)-25Cr-1C-15Ta for the three alloys highly alloyed with tantalum, and : Fe(bal.)-25Cr-0.5C-3.72Hf, Ni(bal.)-25Cr-0.5C-3.72Hf, Co(bal.)-25Cr-0.5C-3.72Hf for the three alloys alloyed with Hf .
Additionally, a Co-(bal.)-25Cr-0.5C-7.5Ta alloy was also synthesized to allow comparison of the alloys of the two previous families to an alloy's base more common among the more common industrial cast superalloys.
Microstructure Control
After cutting of the ingots with a metallographic precision saw parts of alloys were embedded in a cold resin mixture (ESCIL, France). After polishing until a mirror-like state, the microstructures were visualized using the Back Scattered Electrons mode of a JSM-6010La Scanning Electron Microscope (JEOL, Japan) and the chemical compositions controlled using the Energy Dispersion Spectrometer equipping the SEM.
Flexural Creep Tests
A {15×2×1mm
3 }-parallelepiped sample was machined in each ingot to perform 3 points bending tests at 1200°C under constant load, during 100 hours max, with a thermo-TMA dilatometer (SETARAM, France) especially modified. The sample was placed on two bottom alumina supports (thickness: 1.4mm, i.e. maximal deformation allowed), 12mm apart from one another. The load, calculated to induce 20MPa in the bottom face center of the sample, was applied to the middle of the upper face, using a third alumina support. The load was applied until reaching the maximal constant value, before heating start. The test was carried out at 1200°C under Ar, for 100 hours or a lower duration ifthe maximal deformation of 1.4 mm was reached before.
Results and Discussion
Microstructures of the Alloys in the As-Cast Condition
The as-cast microstructures of the alloys are shown in Figure 1 . Even if they also contain some chromium carbides (black) the Ta-rich alloys were obtained with very high TaC fractions (white), except the Ni-based one in which they are less numerous. Most of these TaC carbides are of the script-like shape but other TaC carbides, compact with angular shapes, are also present.
The Hf-containing alloys were also obtained with the wished HfC carbides (white particles), in lower fractions than the previous TaC-rich alloys consequently to their lower contents in carbon (0.5 against 1.0wt.%). These three other alloys also contain a little chromium carbides. Here too, rare compact HfC carbides appeared at the early beginning of solidification, can be present. 
Creep Behaviour
The creep bending tests performed at 1200°C with a resulting maximal tensile stress in the middle of the bottom face of the parallelepiped samples led to deformations more or less important, as illustrated in Figure 2 . The tests were not all of same duration since the contact between sample and apparatus base was sometimes obtained early, notably for the two iron-based alloys. At the opposite one of the cobalt-based alloys -the HfC-strengthened one -was only a little deformed after 100 hours of test. It is more informative to have a look to the deformation curves. The ones obtained for the TaCcontaining alloys are presented in Figure 3 , and the corresponding values of deformation rate values and of duration before contact sample-basis are also displayed in Figure 2 . One can see that the ferritic Fe-based alloy is particularly weak at this temperature: its deformation is already total before reaching half an hour of isothermal stage. The Co-based alloy is the best resistant among the three TaC-rich alloys but it touches the apparatus basis after only one day. The Ni-based one is in intermediate position: its deformation rate is twice the cobalt alloy's one. The deformation curves obtained for the HfC-containing alloys are shown in Figure 4 and the corresponding quantitative data are displayed in Figure 2 . Here too the Fe-based alloy was the weakest out of the three ones, with the maximal possible deformation achieved during the heating. The Ni-based alloy is better, with a behavior comparable to the one of the best TaC-rich alloy, the cobalt-based one. In contrast the HfC-strengthened Co-based alloy is much better with only 4 µm h -1 of creep deformation in the secondary creep stage and only 0.46mm of deformation after 100 hours.
Comparison with a Classical Co-25Cr-0.5C-7.5Ta Alloy
The creep deformation curves of the best TaC-rich alloy (the Co-based one) and of the best HfCcontaining alloy (the Co-based one, again) are plotted in Figure 5 together with the obtained for a Co-25Cr-0.5C-7.5Ta alloy which may represent the base of some of the most creep-resistant cobaltbased alloys. This seventh alloy was synthesized in the same conditions asthe six previous alloys and it contains script-like TaC carbides. If the TaC-rich alloy is not different in creep from this seventh alloy, the HfC-cobalt alloy is much better than it. 
Discussion
Very high fractions in TaC carbides, although known for their efficiency in strengthening cast superalloys, did not lead to high creep resistance. The presence of pre-eutectic TaC carbides in addition to the script-like eutectic ones probably disadvantaged the alloys because edge effect favorable to crack generation. The iron-based alloy was particularly weak because the ferritic structure of its matrix while the intrinsic better resistance of a cobalt-based matrix allowed the Co-based TaC-rich alloy to be honestly resistant.
Except the Fe-based alloy the HfC-containing alloy was as creep-resistant as the TaC-rich cobalt alloy as well as the reference Co-25Cr-0.5C-7.5Ta alloy. But this is finally the HfC-containing Cobased alloy which is the best among the seven alloys of this study. Thank to both an efficient strengthening brought by the interdendritic script-like HfC carbides' network and the highly strong cobalt-base matrix its creep-resistance is remarkable for a conventionally cast cobalt based alloy at a so high temperature.
Conclusion
In this work it appeared that doubling the TaC population of an alloy well behaving in high temperature creep is not here a solution since it favors the appearance of geometry of carbides which is possibly detrimental for the mechanical properties. In addition it may probably induce a decrease in fusion start temperature. The HfC-containing Ni-based and Co-based alloys seem stronger, especially the cobalt alloy. The script-like eutectic HfC carbides are very stable at high temperature and their role on the interdendritic cohesion remain longer than for the TaC-reinforced alloys.
